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Description
Technical Field of the Invention
[0001] The present invention is related to methods for the preparation of pharmaceutically acceptable salts of (+)-
7-[4-(4-fluorophenyl)-6-isopropyl-2-(methanesulfonyl-methyl-amino)-pyrimidin-5-yl]-(3R, 5S, 6 E)-dihydroxy-hept-6-eno-
ic acid, intermediates thereof and methods for producing said intermediates.

[0002] (+)-7-[4-(4-fluorophenyl)-6-isopropyl-2-(methanesulfonyl-methyl-amino)-pyrimidin-5-yl]-(3R, 5S, 6E)-dihy-
droxy-hept-6-enoic acid of the Formula (1)

ty;

is a pharmaceutically active ingredient known by the International Nonproprietary Name rosuvastatin. Rosuvastatin
exerts its pharmacological activity by inhibiting the enzyme 2-hydroxy-2-methyl-glutaryl-coenzyme-A reductase in the
liver, thus decreasing the rate of the cholesterol biosynthesis and the cholesterol concentration of the blood plasma.
Rosuvastatin of the Formula (l) is used in the therapy of diseases of lipid metabolism, such as hypercholesterolemia,
hyperlipoproteinemia and atherosclerosis.

Technical Background of the Invention
[0003] (+)-7-[4-(4-fluorophenyl)-6-isopropyl-2-(methanesulfonyl-methyl-amino)-pyrimidin-5-yl]-(3R,  5S)-dihydroxy-
hept-6-enoic acid of the Formula (1) (rosuvastatin) is a compound known according the state of the art, which has been

described for the first time in European Patent No. 521471 together with certain pharmaceutically acceptable salts
including the ammonium salt and calcium salt of the Formula (1V)

(Iv)

[0004] Published International Patent Application WO01060804 discloses crystalline ammonium, methylammonium,
ethylammonium, diethanolammonium, tris-(hydroxymethyl)-methylammonium, benzylammonium and 4-methoxybenzyl-
ammonium salts of rosuvastatin. The method disclosed in said application for the preparation of the methylammonium
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salt comprises reacting rosuvastatin of the Formula (I) with methylamine in methanol, filtering and washing the filtered
saltwith acetonitrile. Other ammonium salts were prepared by acidifying the methylammonium saltin aqueous acetonitrile
orwater-ethylacetate biphasic solvent system and reacting rosuvastatin acid thus obtained with the corresponding amine.
[0005] The subject of Published International Patent Application WO2005051921 is a multi-step method for purifying
rosuvastatin calcium salt of the Formula (IV) using rosuvastatin isopropylammonium or cyclohexylammonium salts.
Rosuvastatin calcium salt of the Formula (1V) is acidified in aqueous acetonitrile solvent and rosuvastatin of the Formula
(1) thus obtained is extracted with ethylacetate. Thereafter rosuvastatin is transformed into isopropylammonium or cy-
clohexylammonium salt in acetonitrile or ethylacetate. Said ammonium salts are converted into the sodium salt in an
aqueous solution, which is transformed into rosuvastatin calcium salt using methods known in the state of the art.
[0006] Published International Patent Application WO2005077916 discloses rosuvastatin ammonium salts in general
wherein the cation is different from ammonium, methylammonium, ethylammonium, diethanolammonium, (tris-hy-
droxymethyl)-methylammonium, benzylammonium or 4-methoxy-benzylammonium. Crystalline and amorphous rosuv-
astatin cyclohexyl-, dicyclohexyl-, isopropyl-, diisopropyl- and (S)-1-methylbenzylammonium salts are disclosed. The
ammonium salts are prepared starting from rosuvastatin of the Formula(l) in ethylacetate solvent.

[0007] In Published International Patent Application WO 2006136407, a method for the preparation of rosuvastatin
calcium salt of the Formula (V) in amorphous form has been disclosed, which uses a rosuvastatin salt of the Formula
() formed with an organic ammonium cation

0. N
_S

07"\

as starting material. The application discloses and claims several rosuvastatin ammonium salts, such as pyrrollidinium,

piperidinium, morpholinium, adamantylammonium, N,N-dicyclohexylammonium, N-methyl-cyclohexylammonium, tert-

octylammonium salts. The ammonium salts are prepared starting from a rosuvastatin ester or from rosuvastatin lactone
of the Formula (V1)

(V1)

by reacting said compound with the corresponding amine in aqueous solution or in the mixture of water and tetrahydro-
furane. Preparation of several organic ammonium salts including rosuvastatin fert-butylammonium (TBA) salt of the
Formula (lla)
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has been disclosed in the examples. However, no physical-chemical or analytical data for rosuvastatin TBA salt have
been disclosed. According to the methods disclosed in the above-mentioned application, rosuvastatin TBA salt of the
Formula (lla) has not been used directly as a starting material for the preparation of rosuvastatin calcium salt of the
Formula (V).

[0008] Published International Patent Application WO 2007125547 discloses a "one-pot" method for the preparation
of rosuvastatin of the Formula (1) or rosuvastatin ammonium salts of the Formula (lI). Ammonium salts are prepared by
subjecting rosuvastatin ketal tert-butylester of the Formula (VI1II)

(VIII)

N.

|
Y

~
0
SsrN
07"\

to acidic and subsequently alkaline hydrolysis, transforming the thus obtained rosuvastatin sodium salt of the Formula (V1)

(VD

into rosuvastatin of the Formula (l) and reacting rosuvastatin with the corresponding amine. Ammonium salt formation
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is carried out in acetonitrile.

[0009] Published International Patent Application WO2007000121 discloses a method for the preparation of rosuv-
astatin calcium salt of the Formula (V) in amorphous or crystalline form starting - among others - from an amide of
rosuvastatin formed with a primary amine. Rosuvastatin methylamide corresponding to the general Formula (l11)

(I11)

wherein R4 is methyl, RS is hydrogen, is hydrolysed for 17 hours with an inorganic base - lithium hydroxide - in aqueous
tetrahydrofurane solution at the temperature of 60 °C.

[0010] In Published International Patent Application WO 2007125547, alkaline hydrolysis of rosuvastatin amides
formed with secondary amines has been described using an alkali metal hydroxide, preferably sodium hydroxide. Among
the amides of rosuvastatin, diisopropylamide is referred to specifically. The alkali metal salt obtained is transformed into
rosuvastatin of the Formula (1) by acidification and subsequently converted into the corresponding ammonium salt using
organic bases. Finally the ammonium salt is transformed into the sodium salt of the Formula (VI1), which is finally converted
into the calcium salt of the Formula (V). The application furthermore discloses a crystalline form of rosuvastatin TBA
salt of the Formula (lla), which is characterized by an X-ray diffractogram. However, the disclosed purification method
is complicated to carry out, several organic solvents are required for the extraction and during the crystallization of the
TBA salt, it is necessary that the organic solvent be introduced in portions and it is required that after each addition
except the final one, the solvent be removed by evaporation.

[0011] Published International Patent Application WO 2008044243 is related to a one-pot method for the preparation
of rosuvastatin calcium salt of the Formula (1V), which comprises alkaline hydrolysis of rosuvastatin ft-butylamide or
rosuvastatin diizopropylamide by boiling with aqueous sodium hydroxide in ethyleneglycol. The alkali metal salt thus
obtained is treated with an acid in water-ethylacetate solvent system and rosuvastatin of the Formula (l) thus obtained
is converted into an organic ammonium salt by reacting with the corresponding organic base. Ammonium salt of rosu-
vastatin is thereafter converted into the sodium salt, which is transformed into rosuvastatin calcium salt of the Formula (1V).
[0012] WO 2010/081861 relates to a process for the preparation of a HMG - CoA reductase inhibitor such as rosuv-
astatin, as well as intermediates useful in such, process.

[0013] WO 2012/073055 relates to the preparation of pharmceutically acceptable salts of (+)-7-[4-(4-fluorophenyl)-6-
isopropyl-2-(methanesulfonyl-methyl-amino)-pyrimidin-5-yl]-(3R, 5S)-dihydroxy-hept-6-enoic acid and polymorphs of
said intermediates and methods for preparation thereof.

[0014] Published International Patent Application WO 2005123082 s related to a combined pharmaceutical preparation
consisting of rosuvastatin and acipimox. Among many other salt forms of rosuvastatin, rosuvastatin zinc saltis mentioned.
However neither physical-chemical parameters of rosuvastatin zinc salt, nor a method for the preparation thereof, nor
the stoichiometry of the salt have been disclosed.

Rosuvastatin zinc (2:1) salt of the Formula (V)

[0015]
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as well as methods for the preparation thereof and physical-chemical properties of the same have been disclosed for
the first time in Published International Patent Application WO 2007119085.

[0016] Published International Patent Application WO 2008015563 is related to the preparation of rosuvastatin zinc
(2:1) salt of the Formula (V) starting either from rosuvastatin tert-butylester of the Formula (I1X)

(IX)

l
N~
O
SN

(OMEERN

N

or from rosuvastatin fert-butylammonium salt by transforming either starting material first into rosuvastatin sodium salt
of the Formula (VI).

[0017] Published International Patent Application WO 2009047577 is related to a method for the preparation of rosu-
vastatin zinc salt of the Formula (V), wherein rosuvastatin of the Formula (l), sodium salt or an alkylester thereof,
rosuvastatin lactone of the Formula (VII) or rosuvastatin ketal tert-butylester have been used as starting materials.
[0018] In published International Patent Application WO 2010082072, methods are disclosed for converting rosuvas-
tatin TBA salt of the Formula (lla) into rosuvastatin calcium salt of the Formula (IV) or rosuvastatin zinc salt of the Formula
(V) using ethylacetate-water solvent system.

[0019] It is well known according to the state of the art that compounds belonging to the group of statins are easily
transformed into their lactone form already atroom temperature. Among others, published International Patent Application
WO 2005077916 discloses the transformation of rosuvastatin diisopropylammonium salt into rosuvastatin lactone at pH
3 atthe boiling temperature of toluene in six hours. Under such conditions, rosuvastatin ammonium salts (and analogously
the calcium salt) undergo transformation into rosuvastatin of the Formula (I) in the first step, which is subsequently
converted into rosuvastatin lactone of the Formula (VII) with full conversion. The observation that the lactonization takes
place even at room temperature in an organic solvent with significant reaction rate is supported by experimental data.
It has been found that the concentration of the lactone impurity rapidly exceeds the limit value prescribed by ICH
Guidelines. Furthermore, it has been established by experimental evidence that the rate of lactonization is several times
higher in acidic aqueous medium than in an organic solvent.
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[0020] In most of the methods discussed above, rosuvastatin ammonium salts of the general Formula (Il) are produced
from rosuvastatin of the Formula (1) obtained in acidic media. The common disadvantages of these methods resides in
that besides the extra step in the technology, the rate of lactonization in an acidic media is high which results in the
decrease of yield and the contamination of the product.

[0021] During the transformation of rosuvastatin ammonium salts into rosuvastatin calcium salt of the Formula (1V) or
rosuvastatin zinc salt of the Formula (V) according to the methods discussed above, the concentration of the lactone
impurity usually remains unchanged, therefore the lactone impurity present in an intermediate of the general Formula
(1) will appear in the drug substance as well as in the finished drug product.

[0022] In the methods according to the state of the art starting from a rosuvastatin amide of the general Formula (lll),
the hydrolysis of the amide is carried out in the presence of an alkali metal- or an alkali earth metal hydroxide and the
reaction is carried out in an organic solvent. In this way, during the first step, a rosuvastatin salt with the specific alkali
metal or alkali earth metal is formed, which requires further purification. However, since there are no suitable methods
known in the state of the art for the purification of an alkali metal or alkali earth metal salt of rosuvastatin, the purification
can be advantageously carried out by transforming the alkali metal or alkali earth metal salt of rosuvastatin into an
ammonium salt of the same and purifying the ammonium salt by crystallization. Reacting the purified ammonium salt
with an alkali metal hydroxide subsequently yields an alkali metal salt of rosuvastatin, preferably rosuvastatin sodium
salt of the Formula (VI), which is transformed in the last step into rosuvastatin calcium salt by reacting with an inorganic
calcium compound.

[0023] In conclusion, methods known according to the state of the art starting from a rosuvastatin amide of the general
Formula (ll) include extra steps in the technology, thus decreasing the efficiency and economy of the manufacturing
process, the reagents and solvents are environmentally harmful and potential byproducts increase the contamination
of the product. It can also be concluded that the purity of the final product is greatly influenced by the purity of the
rosuvastatin ammonium salt of the general Formula (I) used in the manufacturing process.

[0024] The state of the art is silent about a method which is suitable for directly transforming a rosuvastatin amide of
the general Formula (l11) into a rosuvastatin ammonium salt of the general Formula (I1), rosuvastatin calcium salt of the
Formula (IV) or rosuvastatin zinc salt of the Formula (V), respectively.

Summary of the Invention

[0025] The objective of our research-development work was to provide a method which is suitable for the direct
transformation of rosuvastatin amides of the general Formula (lll) formed with a primary or secondary amines into a
rosuvastatin ammonium salt of the general Formula (Il).

[0026] More specifically, our aim was to provide a method for producing rosuvastatin ammonium salts of the general
Formula (Il), which is suitable for the manufacture of rosuvastatin calcium salt of the Formula (IV) or rosuvastatin zinc
salt of the Formula (V) therefrom. We have found that such especially preferable salts include crystalline and amorphous
forms of rosuvastatin tert-butylammonium (TBA) salt of the Formula (lla) and rosuvastatin n-butylammonium (NBA) salt
of the Formula (lb).

HO -
COO

[0027] A further objective was to prevent formation of impurities, especially lactone formation by selecting appropriate
reaction conditions during the process.

[0028] The above objective has been solved according to the present invention.

[0029] Itis well known from the state of the art that amides, similarly to esters, can be hydrolysed using acidic or basic
catalysts. In case of amides, however, the reaction requires more severe reaction conditions than in case of esters. No
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hydrolysis of amides takes place in the presence of water solely. Hydrolysis of an amide requires the presence of strong
(inorganic) base or acid and prolonged heating (March’s Advanced Organic Chemistry, 5th edition, Michael B. Smith
and Jerry March, Ed.; Wiley, 2007, p. 474-476).

[0030] We have very surprisingly found that the hydrolysis of a rosuvastatin amide of the general Formula (Ill) wherein
R4 and R5 independently represent hydrogen or a saturated straight, branched or cyclic alkyl group comprising 1 to 6
carbon atoms, or R4, R5 together with the nitrogen attached thereto forms a saturated 5-, 6- or 7-membered saturated
heterocyclic group containing one nitrogen, can be carried out in the absence of strong inorganic bases, e.g. alkali metal
or alkali earth metal hydroxides. We observed that such starting materials react with organic amines and in the reaction
the corresponding rosuvastatin ammonium salts of the general Formula (I1) are obtained in aqueous or aqueous-organic
solutions. The work-up of the reaction mixture can be carried out simply by evaporating in vacuo, thus the rosuvastatin
ammonium salt of the general Formula (II) can be obtained in good yield and in high purity.

Detailed Description of the Invention

[0031] According to the first aspect of the present invention, there is provided a method for the preparation of rosuv-
astatin calcium salt of the Formula (IV), which comprises reacting a rosuvastatin amide of the general Formula (lll)

an

|
N

N

h

~Z
0
ST
07"\

wherein R4 and RS independently represents hydrogen or a saturated straight, branched or cyclic alkyl group comprising
1 to 6 carbon atoms, or R4, RS together with the nitrogen attached thereto forms a 5-, 6- or 7-membered saturated
heterocyclic group containing one nitrogen, in water or in a homogeneous mixture of water and a water-miscible organic
solvent with a compound of the general Formula (X)

X)

wherein R, R2 and R3 independently represents hydrogen or a saturated straight, branched or cyclic alkyl group com-
prising 1 to 6 carbon atoms, or R! and R2 together with the nitrogen attached thereto forms a saturated 5-, 6- or 7-
membered saturated heterocyclic group containing one nitrogen and R3 represents hydrogen, and converting the thus
obtained rosuvastatin ammonium salt of the general Formula (II) wherein R1, R2 and R3 independently represents
hydrogen or a saturated straight or branched alkyl group or a cycloalkyl group comprising 1 to 6 carbon atoms, or R'
and R2 together with the nitrogen attached thereto forms a saturated 5-, 6- or 7-membered heterocyclic group containing
one nitrogen and R3 represent hydrogen in a known manner into rosuvastatin calcium salt.

[0032] According to a preferable embodiment of the method, rosuvastatin calcium salt of the Formula (1V) is prepared
by reacting a rosuvastatin amide of the general Formula (l1l) wherein the meaning of R4 and RS is as defined above, in
water or in a homogeneous mixture of water and a water miscible organic solvent with tert-butylamine and the thus
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directly obtained rosuvastatin fert-butylammonium (TBA) salt of the Formula (lla) is transformed in known manner into
rosuvastatin calcium salt.

[0033] According to a further preferable embodiment of the method, there is provided a method for preparing rosuv-
astatin calcium salt of the Formula (IV), which comprises reacting a rosuvastatin amide of the general Formula (lll) -
wherein the meaning of R4 and R® is as defined above - in water or in a homogeneous mixture of water and a water-
miscible organic solvent with n-butylamine and transforming the thus directly obtained rosuvastatin n-butylammonium
salt of the Formula (llb) into rosuvastatin calcium salt of the Formula (IV) according to methods known in the art.
[0034] According to the second aspect of the present invention, there is provided a method for the preparation of
rosuvastatin zinc salt of the Formula (V) which comprises reacting a rosuvastatin amide of the general Formula (ll1)

(10D

wherein R4 and R® independently represents hydrogen or a saturated straight, branched or cyclic alkyl group comprising
1 to 6 carbon atoms, or R4, RS together with the nitrogen attached thereto forms a 5-, 6- or 7-membered saturated
heterocyclic group containing one nitrogen, in water or in a homogeneous mixture of water and a water-miscible organic
solvent with a compound of the general Formula (X)

[ )

wherein R, R2 and R3 independently represents hydrogen or a saturated straight, branched or cyclic alkyl group com-
prising 1 to 6 carbon atoms, or R! and R2 together with the nitrogen attached thereto forms a saturated 5-, 6- or 7-
membered saturated heterocyclic group containing one nitrogen and R3 represents hydrogen, and converting the thus
obtained rosuvastatin ammonium salt of the general Formula (ll) wherein R, RZ and R3 independently represents
hydrogen or a saturated straight or branched alkyl group or a cycloalkyl group comprising 1 to 6 carbon atoms, or R
and R2 together with the nitrogen attached thereto forms a saturated 5-, 6- or 7-membered heterocyclic group containing
one nitrogen and R3 represent hydrogen in a known manner into rosuvastatin zinc salt.

[0035] Accordingto a preferable embodiment of the method, a rosuvastatin amide of the general Formula (l11) - wherein
the meaning of R4 and RS are as defined above - is reacted in water or in a homogeneous mixture of water and a water-
miscible organic solvent with n-butylamine and transforming rosuvastatin n-butylammonium salt of the Formula (lIb)
thus directly obtained into rosuvastatin zinc salt of the Formula (V) according to methods known from the art.

[0036] A further preferable embodiment of the method for the preparation of rosuvastatin zinc salt the Formula (V)
comprises reacting a rosuvastatin amide of the general Formula (lll) - wherein the meaning of R4 and R? is as defined
above - with tert-butylamine in water or in a homogeneous mixture of water and a water-miscible organic solvent and
transforming the thus directly obtained rosuvastatin tert-butylammonium salt of the Formula (lla) into rosuvastatin zinc
salt of the Formula (V) according to methods known in the art.

[0037] A further subject of the present invention is a method for the preparation of compounds of rosuvastatin formed
with amines corresponding to general Formula (l1), wherein R, R2 and R3 independently represents hydrogen or a
saturated straight, branched or cyclic alkyl group comprising 1 to 6 carbon atoms, or R' and R2 together with the nitrogen
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attached thereto forms a 5-, 6- or 7-membered saturated heterocyclic group containing one nitrogen and R3 represents
hydrogen, which comprises reacting a rosuvastatin amide of the general Formula (Ill) wherein R4 and R5 independently
represents hydrogen or a saturated straight, branched or cyclic alkyl group comprising 1 to 6 carbon atoms or R4, R®
together with the nitrogen attached thereto forms a 5-, 6- or 7-membered saturated heterocyclic group containing one
nitrogen with a compound of the general Formula (X) wherein R, R2 and R3 independently represents hydrogen or a
saturated straight, branched or cyclic alkyl group comprising 1 to 6 carbon atoms, or R' and R2 together with the nitrogen
attached thereto forms a 5-, 6- or 7-membered saturated heterocyclic group containing one nitrogen and R3 represents
hydrogen in water or in a homogeneous mixture of water and a water-immiscible organic solvent and isolating the thus
obtained compound of the general Formula (Il).

[0038] Accordingto astillfurther aspect of the presentinvention, there is provided a one-step method for the preparation
of rosuvastatin fert-butylammonium (TBA) salt of the Formula (lla) starting from a rosuvastatin amide of the general
Formula (11I) - wherein the meaning of R4 and RS is as defined above - by reacting a compound of the Formula (I11) with
tert-butylamine in water or in a homogeneous mixture of water and a water-miscible organic solvent.

[0039] Accordingto astill further aspect of the presentinvention, there is provided a one-step method for the preparation
of rosuvastatin n-butylammonium (NBA) salt of the Formula (llb) starting from a rosuvastatin amide of the general
Formula (111) - wherein the meaning of R4 and RS is as defined above - by reacting a compound of the Formula (I11) with
n-butylamine in water or in a homogeneous mixture of water and a water-miscible organic solvent.

[0040] In the present specification, under the expression "rosuvastatin salt of the Formula ()" or "rosuvastatin am-
monium salt of the Formula (l1)", compounds comprising rosuvastatin anion and an ammonium cation in 1:1 molar ratio,
amorphous and crystalline forms, hydrates and solvates thereof are meant wherein R', R2 and R3 independently rep-
resents hydrogen or a straight, branched or cyclic alkyl group comprising 1 to 6 carbon atoms or R and R2 together
with the nitrogen attached thereto comprises a 5-, 6- or 7-membered saturated heterocyclic group comprising one
nitrogen atom and R3 is hydrogen.

[0041] In the present specification, the expression "rosuvastatin amide of the general Formula (ll)" or "rosuvastatin
amide of the Formula (l11)" refers to compounds of the general Formula (lll), including amorphous or crystalline forms,
hydrates or solvates thereof, wherein R4 and RS independently from each other represents hydrogen or a straight,
branched or cyclic alkyl group comprising 1 to 6 carbon atoms or R4, RS together with a nitrogen atom attached thereto
forms a 5-, 6- or 7-membered saturated heterocyclic group containing one nitrogen atom.

[0042] Under the expression "rosuvastatin n-butylamide" the compound (3R,5S,6E)-N-butyl-7-{4-(4-fluorophenyl)-
6-(1-methylethyl)-2-[methyl(methylsulfonyl)amino]pyrimidin-5-yI}-3,5-dihydroxyhept-6-eneamide of the Formula (llla) is
meant. Under the expression "rosuvastatin N,N-dimethylamide", the compound (3R,5S,6E)-7-{4-(4-fluorophenyl)-6-(1-
methylethyl)-2-[methyl(methylsulfonyl)-amino]pyrimidin-5-yl}-3,5-dihydroxy-N, N-dimethylhept-6-eneamide of the For-
mula (lllb) is meant. Under the expression "rosuvastatin pyrrolidinylamide", N-{5-[(1E,3S,5R)-3,5-dihydroxy-7-oxo-7-
pyrrolidin-1-yl-hept-1-en-1-yl]-4-(4-fluorophenyl)-6-(1-methylethyl)-pyrimidin-2-yl}-N-methylmethanesulfonamide of the
Formula (llic) is meant.

[0043] In the present specification, the meaning of the expression "rosuvastatin calcium salt of the Formula (IV)" is
the compound consisting of rosuvastatin anion and calcium(ll) cation in 2:1 molar ratio including amorphous and crystalline
forms, hydrates and solvates thereof.

[0044] In the present specification, the meaning of the expression "rosuvastatin zinc salt of the Formula (V)" is the
compound comprising rosuvastatin anion and zinc (ll) cation in 2:1 molar ratio including amorphous and crystalline
forms, hydrates and solvates thereof.

[0045] In the present specification, the expression "homogeneous mixture of water and a water-miscible solvent"
means a solvent mixture having one phase (one solvent layer) in the state when no dissolved compounds are present,
and the solvent mixture is comprised of water and a water-miscible solvent.

[0046] In the present specification, the expression "aliphatic alcohols having 1 to 6 carbon atoms" means monohydric
saturated aliphatic alcohols having one to six carbon atoms, e.g. methanol, ethanol, 1-propanol, 2-propanol and the like.
[0047] In the method according to the present invention, a rosuvastatin amide of the general Formula (l1l) - wherein
the meaning of R4 and RS is as defined above - is transformed directly in one reaction step into a rosuvastatin ammonium
salt of the general Formula (Il), preferably into rosuvastatin TBA salt of the Formula (lla) or rosuvastatin NBA salt of the
Formula (lIb).

[0048] The method according to the present invention is carried out by reacting a rosuvastatin amide of the general
Formula (Ill) - wherein the meaning of R4 and RS is as defined above - in water or in a homogeneous mixture of water
and a water miscible solvent, preferably in a mixture with a water-soluble alcohol comprising 1 to 6 carbon atoms, the
most preferably in water at a temperature between 80 and 140 °C, preferably between 110 and 130 °C with 1 to 30
molar equivalents, preferably 20 molar equivalents of primary or secondary amine of the Formula (X) - wherein the
meaning of R1, R2 and R3 is as defined above -, preferably with fert-butylamine or n-butylamine for 16 to 30 hours. After
the reaction, water is removed by evaporation and the residue is crystallized. The crude rosuvastatin salt of the Formula
(1) thus obtained - wherein the meaning of R, R2 és R3 is as defined above - can optionally be purified by triturating,
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crystallizing or the combination thereof.

[0049] The advantage of the method according to the present invention resides in the fact that the hydrolysis is
performed in an aqueous medium, optionally in the absence of an organic solvent, thefore the environmental exposure
is low and no cost for organic solvents is incurred. During the work-up of the reaction mixture, rosuvastatin TBA salt of
the Formula (Ila) and rosuvastatin NBA salt of the Formula (lIb) are isolated directly without any further steps. It is
surprising that rosuvastatin TBA and NBA salts, respectively, are obtained in high yield (approx. 90%). It has unexpectedly
observed that despite of the high reaction temperature, rosuvastatin TBA and NBA salts, respectively, are obtained in
good purity (in excess of 92%) even as crude products. After purification (trituration, recrystallization), the purity of the
product is higher than 99.5%, which satisfies the ICH requirements. Rosuvastatin TBA salt of the Formula (lla) and
rosuvastatin NBA salt of the Formula (lIb) can be used as intermediates in the manufacture of rosuvastatin calcium salt
of the Formula (V) and rosuvastatin zinc salt of the Formula (V).

[0050] We have found that according to the circumstances of the work-up of the reaction mixture and product isolation,
rosuvastatin TBA salt of the Formula (Ila) can be produced either as Form | rosuvastatin TBA already known in the state
of the art or as Form Il rosuvastatin TBA salt.

[0051] Thus, according tothe method of the presentinvention, amides of rosuvastatin formed with primary or secondary
amines are directly transformed into high-purity rosuvastatin ammonium salts of the general Formula (l) using aqueous
solvent, in the absence of environmentally harmful solvents in a simple way easily adoptable for industrial manufacture.
[0052] Further details of the presentinvention are demonstrated by the following examples without limiting the invention
to the examples in any way.

Example 1
Preparation of rosuvastatin tert-butylammonium salt starting from rosuvastatin n-butylamide
[0053]

Method "A": A 800 cm3 autoclave is charged with 16.1 g (0.03 mol) of rosuvastatin n-butylamide, 644 cm3 of water
and 43.9 g (63.3 cm3; 0.60 mol) tert-butylamine. The reaction mixture is stirred for 24 hours at 120 °C. The mixture
is allowed to cool to room temperature, diluted with 2-propanol and evaporated in vacuo. The residue is stirred in
the mixture of tert-butylmethylether and heptane (2:5, v/v) and the crystals are filtered. Thus 16.2 g (99 %) of
rosuvastatin TBA salt are obtained. The crude salt is boiled in acetonitrile/2-propanol (8.6:1, v/v) mixture, subse-
quently further stirred at room temperature, filtered, washed and dried. The product thus obtained is boiled in
acetonitrile, 2-propanol is added to the boiling mixture, decolorized with carbon and filtered. The precipitated crystals
are filtered and washed with acetonitrile. Yield 10.9 g (66 %) rosuvastatin TBA salt having the purity (as determined
by high-performance liquid chromatography, HPLC) exceeds 99.5%.

Method "B": An autoclave having 800 cm3 volume is charged with 16.1 g (0.03 mol) of rosuvastatin n-butylamide,
644 cm3 of water/ethanol (9:1, v/v) solvent mixture and 43.9 g (63.3 cm3; 0.60 mol) tert-butylamine. The reaction
mixture is stirred for 24 hours at 120 °C. The mixture is allowed to cool to room temperature, diluted with 2-propanol
and evaporated in vacuo. The evaporation residue is stirred in the mixture of tert-butylmethylether and heptane (2:5,
v/v) and the crystals are filtered. Thus 16.7 g (100 %) of rosuvastatin TBA salt are obtained. The crude salt is boiled
in the mixture of acetonitrile and 2-propanol (8.6:1, v/v), stirred at room temperature, filtered, washed and dried.
The product thus obtained is boiled in acetonitrile, 2-propanol are added to the boiling mixture, decolorized with
carbon and filtered. The precipitated crystals are filtered and washed with acetonitrile. In this way 10.7 g (64 %) of
rosuvastatin TBA salt having a purity (as determined by HPLC) greater than 99.5% are obtained.

Method "C": An autoclave having 800 cm3 volume is charged with 16.1 g (0.03 mol) rosuvastatin n-butylamide, 644
cm3 of water and 43.9 g (63.3 cm3; 0.60 mol) of tert-butylamine. The reaction mixture is stirred for 28 hours at the
temperature of 110 °C. The mixture is allowed to cool to room temperature, diluted with 2-propanol and evaporated
in vacuo. The evaporation residue is boiled in acetonitrile/2-propanol (8.6:1, v/v), further stirred at room temperature,
filtered, washed and dried. The product thus obtained is boiled in acetonitrile, 2-propanol are added, decolorized
with carbon and filtered. The precipitated crystals are filtered and washed with acetonitrile. Thus 10.3 g (65 %) of
rosuvastatin TBA salt having the purity (as determined by HPLC) exceeding 99.5% are obtained.

Method "D": An autoclave having 800 cm3 volume is charged with 16.1 g (0.03 mol) rosuvastatin n-butylamide, 644
cm3 of water and 43.9 g (63.3 cm3; 0.60 mol) fert-butylamine. The reaction mixture is stirred for 24 hours at the
temperature of 120 °C. The reaction mixture is allowed to cool to room temperature, diluted with 2-propanol and
evaporated in vacuo. The residue is stirred in tert-butylmethylether-heptane mixture (2:5, v/v) and the crystals are
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filtered. Thus 16.2 g (99 %) of crude rosuvastatin TBA salt are obtained. The crude salt is boiled in the mixture of
acetonitrile and 2-propanol (8.6:1, v/v), stirred at room temperature, filtered, washed and dried. The product thus
obtained is suspended in water and tert-butylamine (13 cm?3) are added. The mixture is allowed to stand for four
days and filtered. The mother lye is allowed to stand for further three days and the precipitated product is filtered,
washed and dried. In this way, 4.33 g (25%) Form Il rosuvastatin tert-butylammonium salt having the powder X-ray

EP 2 646 419 B1

diffractogram of Figure 1 are obtained.

[0054] Apparatus and measurement conditions for X-ray diffractometry

Apparatus: BRUKER D8 ADVANCE powder diffractometer
Radiation: CuKo4 (A=1.54060 A), CuKo., (A=1.54439 A)

Voltage: 40 kV
Anode current: 30 mA
Accessories:

Gobel-mirror
Soller-slit

Sampler, transmission position

Detector: LynxEye

Measurement: continous ®/0 scan:

Step size: 0.02°

4-35 20°

Sample: untreated (no pulverization), measured at room temperature

[0055] X-ray diffraction signals of Form Il rosuvastatin TBA salt of the Formula (lla) are summarized in Table 1.

Table 1

Peak Angle d value Intensity
No. 2-Theta (degrees) | Angstroms %
1 5.481 16.11132 8.1
2 5.957 14.82335 71
3 10.529 8.39561 27.0
4 11.282 7.83634 31.4
5 15.457 5.72793 16.8
6 15.803 5.60353 69.9
7 16.231 5.45656 13.7
8 16.682 5.31014 10.9
9 18.651 4.75363 100
10 19.05 4.65489 28.5
11 19.832 4.47316 31.4
12 20.512 4.32646 28.1
13 21.098 4.20759 12.5
14 22.492 3.94978 24 1
15 27.205 3.27526 14.6
16 30.409 2.93708 9.7
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Example 2
Preparation of rosuvastatin tert-butylammonium salt starting from rosuvastatin N,N-dimethylamide
[0056]

Method "A": An autoclave having 50 cm3 volume is charged with 0.89 g (1.75 mmol) of rosuvastatin N, N-dimethy-
lamide, 35.6 cm3 of water and 2.56 g (3.7 cm3; 3.5 mmol) tert-butylamine. The reaction mixture is stirred at 120 °C
for 16 hours. The mixture is allowed to cool to room temperature, the reaction mixture is diluted with ethanol in
portions and evaporated in vacuo. The evaporation residue is stirred in a mixture of tert-butylmethylether and heptane
(2:5 vlv, 4 cm3) and the crystals are filtered. Thus 0.87 g (90 %) of rosuvastatin TBA salt are obtained. The crude
salt is recrystallized from acetonitrile/2-propanol. Yield, 0.58 g (60 %) rosuvastatin TBA salt having purity (by HPLC)
exceeding 99.5 %.

Method "B": An autoclave having 50 cm3 volume is charged with 0.89 g (1.75 mmol) rosuvastatin N, N-dimethylamide,
35.6 cm3 water-ethanol 9:1 (v/v) solvent mixture and 2.56 g (3.7 cm3; 3.5 mmol) of tert-butylamine. The reaction
mixture is stirred at 120 °C for 16 hours, allowed to cool and at room temperature, ethanol is added portionwise and
the mixture is evaporated. The residue is stirred in diethylether-hexane mixture (1:1, v/v) and the crystals are filtered.
The product thus obtained is recrystallized from acetonitrile/2-propanol mixture (2:1, v/v). Yield, 0.58 g (60 %)
rosuvastatin TBA salt having purity as assayed by HPLC in excess of 99.5 %.

Example 3
Preparation of rosuvastatin tert-butylammonium salt starting from rosuvastatin pyrrollidinylamide

[0057] An autoclave having 50 cm3 volume is charged with 0.88 g (1.65 mmol) rosuvastatin pyrrolidinylamide, 35.2
cm3 of water and 2.41 g (3.5 cm3; 3.3 mmol) tert-butylamine. The mixture is stirred at 120 °C for 16 hours, allowed to
cool to room temperature, diluted with ethanol in portions and evaporated in vacuo. The residue is stirred in a mixture
of diethylether-hexane (1:1, v/v) and the crystals are filtered. The productthus obtained is recrystallized from acetonitrile/2-
propanol (2:1, v/v). Yield, 0.55 g (60 %) rosuvastatin TBA having a purity as assessed by HPLC exceeding 99.5 %.

Example 4
Preparation of rosuvastatin n-butylammonium salt starting from rosuvastatin n-butylamide

[0058] An autoclave having 800 cm3 is charged with 16.1 g (0.03 mol) rosuvastatin n-butylamide, 644 cm3 of water
and 43.9 g (63.3 cm3; 0.60 mol) of n-butylamine. The reaction mixture is stirred at 120 °C for 24 hours, allowed to cool,
diluted with 2-propanol at room temperature and evaporated in vacuo. The residue is boiled in ethylacetate, and while
stirring, allowed to cool to room temperature. The crystals are filtered. Thus 14.8 g (89 %) of rosuvastatin NBA salt are
obtained. The crude salt is stirred in ethylacetate at room temperature, filtered, washed and dried. Thus dried product
is boiled in ethylacetate, thereafter stirred in the same solvent at room temperature, filtered, washed and dried. Yield
9.32 g (56 %) of rosuvastatin NBA salt, having purity (as determined by HPLC) exceeding 99.5 %.

Example 5

Preparation of rosuvastatin zinc salt starting from rosuvastatin n-butylamide (via rosuvastatin tert-butylammo-
nium salt intermediate)

[0059] Anapparatus protected from lightis charged with 6.15 g (0.011 mol) of rosuvastatin TBA salt produced according
to Example 1, Method A and 370 cm3 of water at 20-25 °C and the salt is dissolved. Thereafter an argon atmosphere
is established and solution of 2.15 g (0.012 mol) zinc sulfate monohydrate in 17.8 cm3 of distilled water are added thereto
dropwise at 20-25 °C. The suspension is cooled to 5-10 °C, filtered and washed with distilled water. The wet product is
stirred in distilled water under an argon atmosphere at 5-10 °C for 41 hours. The product is filtered, washed with distilled
water several times and dried in vacuo protected from light. Yield 4.60 g (81 %).
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Example 6

Preparation of rosuvastatin calcium salt starting from rosuvastatin n-butylamide (via rosuvastatin tert-butylam-
monium salt)

[0060] 1.67 g (3.0 mmol) of rosuvastatin TBA salt prepared according to Method A, Example 1 are placed in an
apparatus protected from light into a mixture of 10 ml of water and 15 ml of ethylacetate at room temperature while
stirring intensely. After complete dissolution, five times in 15-minute periods, 1.5 ml (5X7.5 mmol) of saturate calcium
chloride solution are added dropwise into the two-layer solution. After the addition, the reaction mixture is stirred for a
further hour. The upper ethylacetate layer is separated and washed with 5 ml of 2.0 M calcium chloride solution and
twice with water. The organic layer is dried by azeotropic distillation. The ethylacetetate layer is evaporated and the
white residue is dissolved in water-free ethylacetate. The solution is stirred for five minutes at 42-45 °C and evaporated
to dryness at 50 mbar pressure. Cyclohexane is added to the dry residue and the suspension is stirred thoroughly. The
solids are filtered, washed with dry cyclohexane and dried invacuo at the temperature of 50 °C. Yield, 1.30 g (87 %).

Reference Example 1
Preparation of rosuvastatin pyrrollidinylamide from rosuvastatin ethylester

[0061] A 100-cm3 round bottom flask is charged with 5.20 g (10.0 mmol) rosuvastatin ethylester, 15 cm3 of ethanol,
3.55 g (4.1 cm3; 50.0 mmol) pyrrolidine and a few crystals of p-toluenesulfonic acid. The reaction mixture is stirred at
room temperature for 8 hours and the precipitated crystals are filtered. Thus 4.73 g (89 %) of the title product are obtained.
Mp.: 162-164 °C

Assay (by HPLC): approx. 99 %

1. Reference Example 2
Preparation of rosuvastatin N,N-dimethylamide from rosuvastatin ethylester

[0062] A 100-cm3 volume round bottom flask is charged with 5.20 g (10.0 mmol) rosuvastatin ethylester, 15 cm3 of
ethanol, 27.4 cm3 (24.7 g/100 cm3; 150 mmol) dimethylamine solution in ethanol and a few crystals of p-toluenesulfonic
acid. The reaction mixture is stirred at room temperature for 8 hours and evaporated in vacuo. The residue is crystallized
from diethylether, the crystals are filtered, washed and dried. Thus 4.58 g (93 %) of title product are obtained.

Mp.: 76-78 °C

Assay by HPLC: approx. 97 %

Reference Example 3

Preparation of rosuvastatin n-butylamide from rosuvastatin methylester

[0063] A 250-cm3 volume round bottom flask is charged with 9.91 g (20.0 mmol) of rosuvastatin methylester, 30 cm3
of ethanol, 7.31 g (9.9 cm3; 100 mmol) of n-butylamine and a few crystals of p-toluenesulfonic acid. The reaction mixture
is stirred at room temperature for 8 hours and evaporated in vacuo. The residue is dissolved in ethylacetate, washed
with saturated sodium carbonate solution, dried and evaporated. The residue is crystallized from diethylether-hexane,
the crystals are filtered. Thus 10.10 g (94 %) of tite compound are obtained.

Melting point, 106-109°C

Assay (HPLC): 99.5 %

Claims

1. Method for the preparation of rosuvastatin ammonium salt of the general Formula (Il),
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(1I)

0, -
_S7
07\

wherein R1, R2 and R3 independently represent hydrogen or a straight, branched or cyclic saturated alkyl group
comprising 1 to 6 carbons atoms, or NR1R2 together represents a saturated hetereocyclic group having 5, 6 or 7
carbon atoms and one nitrogen atom, and R3 represents hydrogen,

which comprises

reacting a rosuvastatin amide of the general Formula (llI)

(1)

wherein R4 and RS independently from each other represent hydrogen or a straight, branched or cyclic alkyl group
comprising 1 to 6 carbon atoms, or NR4R5 together represents a saturated 5, 6 or 7-membered heterocyclic group
having one nitrogen atom, in water or in a homogeneous mixture of water and a water-miscible organic solvent,
with an amine of the general Formula (X)

IN—R? | - ®
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wherein R1, R2 and R3 independently from each other represent hydrogen or a straight, branched or cyclic alkyl
group, or R! and R2 with the nitrogen attached thereto forms a saturated 5, 6 or 7-membered heterocyclic group

having one nitrogen atom and R3 represents hydrogen.

2. Method according to claim 1, characterized by that the homogeneous mixture of water and a water-miscible organic
solvent is a mixture of water and an aliphatic alcohol having 1 to 6 carbon atoms.

3. Method according to claim 1 or 2, characterized by that the starting material is rosuvastatin n-butylamide of the
Formula (Illa)

(11a)

4. Method according to claim 1 or 2, characterized by that the starting material is rosuvastatin N,N-dimethylamide of
the Formula (lllb)

~ (UIb)

5. Method according to claim 1 or 2, characterized by that the starting material is rosuvastatin pyrrollidinylamide of
the Formula (lllc)

16
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(IlLc)

Method according to claim 1 or 2, which comprises using a compound of general Formula (X) wherein R is 1-butyl
or 2,2-dimethyl-ethyl and R2 and R3 are hydrogen, respectively.

Method according to claim 1 or 2, wherein for each mole of the compound of the general Formula (lIl), 1 to 30 molar
equivalents of the compound of the general Formula (X) are used.

Method according to claim 1 or 2, characterized by that the reaction is carried out at a temperature between 80
and 140°C.

Method for the preparation of rosuvastatin calcium salt of the Formula (1V)

2+

Ca av)

which comprises

a) reacting a rosuvastatin amide of the general Formula (lll),
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(1)

wherein R4 and R® independently represents hydrogen or a straight, branched or cyclic saturated alkyl group
comprising 1 to 6 carbon atoms, or NR4R® together forms a saturated 5,6 or 7-membered heterocyclic group
having one nitrogen atom, in water or in a homogeneous mixture of water and a water-miscible organic solvent
with an amine of the general Formula (X)

R’ , -
le‘“"RE X)
R

wherein R, R2 and R3 independently represent hydrogen or a straight, branched or cyclic alkyl group comprising
1 to 6 carbon atoms, or R! and R2 together with a nitrogen atom attached thereto forms a saturated 5,6 or 7-
membered heterocyclic group having one nitrogen and R3 represents hydrogen;

b) transforming the rosuvastatin ammonium salt of the general Formula (ll)

0,
_S87

o7 N\

obtained in step a), wherein R, R2 and R3 independently from each other represents hydrogen or a straight,
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branched, or a cyclic saturated alkyl group comprising 1 to 6 carbon atoms or R' and R2 together with the
nitrogen attached thereto forms a saturated 5,6 or 7-membered heterocyclic group having one nitrogen atom

and R3 represents hydrogen, into rosuvastatin calcium salt of the Formula (1V) or a hydrate form thereof.

10. Method according to claim 9, which comprises using a compound of the general Formula (X), wherein R1 is 2,2-
dimethylethyl, R2 and R3 are hydrogens.

11. Method according to claim 9, which comprises using a compound of the general Formula (X), wherein R is 1-butyl,
R2 and R3 are hydrogens.

12. Method for the preparation of rosuvastatin zinc (2:1) salt of the Formula (V)

2+

Zn (V)

which comprises

a) reacting a rosuvastatin amide of the general Formula (lll),

(1)

wherein R4 and R® independently from each other represents hydrogen or a straight, branched or cyclic alkyl
group having 1 to 6 carbon atoms, or NR4R5 together represents a saturated 5-, 6- or 7-membered heterocyclic
group having one nitrogen, in water or in a homogeneous mixture of water and a water-miscible organic solvent
with an amine of the general Formula (X)
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R ;
|N—R? (X)
. R?

wherein R1, R2 and R3 independently from each other represent hydrogen or a straight, branched or cyclic alkyl
group having one to six carbon atoms, or R' and R2 with a nitrogen atom attached thereto form a saturated 5,
6 or 7-membered heterocyclic group having one nitrogen atom and R3 represents hydrogen,;

b) transforming rosuvastatin ammonium salt of the general Formula (I1)

(1I)

0,
_S7

0" \

obtained in step a) wherein R, R2 and R3 independently from each other represents hydrogen or a straight,
branched or cyclic alkyl group having 1 to 6 carbon atoms, or R1 and R2 together with the nitrogen atom attached
thereto forms a saturated 5, 6 or 7-membered heterocyclic group having one nitrogen atom into rosuvastatin
zinc (2:1) salt of the Formula (V).

Method according to claim 12, characterized by that as a compound of the general Formula (X), the compound is
used wherein R is 2,2-dimethylethyl, R2 and R3 are each hydrogens.

Method according to claim 12, characterized by that as a compound of the general Formula (X), the compound
wherein R is 1-butyl, R2 and R3 are each hydrogens is used.

Method according to claim 1 or 2, which comprises

a) Reacting a rosuvastatin amide of the general Formula (lll), wherein R4 and RS independently from each other
represents hydrogen or a straight, branched or cyclic alkyl group having 1 to 6 carbon atoms, or wherein NR4R5
together represents a saturated 5-, 6- or 7-membered heterocyclic group having one nitrogen atom, in water
or in a homogeneous mixture of water and a water-miscible solvent with an amine of the general Formula (X)
wherein R', R2 and R3 independently from each other represents hydrogen or a straight, branched or cyclic
alkyl group having 1 to 6 carbon atoms or wherein R and R2 together with the nitrogen atom attached thereto
forms a saturated 5, 6 or 7-membered heterocyclic group having one nitrogen,

b) Purifying crude rosuvastatin salt of the Formula (lla) obtained in step a) by crystallization;

c) Mixing an aqueous suspension of the purified rosuvastatin salt of the Formula (lla) thus obtained with tert-
butylamine, and

d) Crystallizing rosuvastatin TBA salt crystalline Form (Il) of the Formula (lla) fractionally
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HO -
COO
wOH
F =
| H (I1a)
N_2N
O‘\S/N\
0o\
characterized by X-ray diffraction signals of table 1:
Table 1
Peak Angle d value Intensity

No. 2-Theta (degrees) | Angstroms %

1 5.481 16.11132 8.1
2 5.957 14.82335 71
3 10.529 8.39561 27.0
4 11.282 7.83634 31.4
5 15.457 5.2793 16.8
6 15.803 5.60353 69.9
7 16.231 5.45656 13.7
8 16.682 5.31014 10.9
9 18.651 4.75363 100
10 19.05 4.65489 28.5
11 19.832 4.47316 31.4
12 20.512 4.32646 28.1
13 21.098 4.20759 12.5
14 22.492 3.94978 24 1
15 27.205 3.27526 14.6
16 30.409 2.93708 9.7

Patentanspriiche

1.

55

Verfahren zur Herstellung von Rosuvatatin-Ammoniumsalz der allgemeinen Formel (l1),
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(1I)

0, -
_S7
07\

wobei R, R2 und R3 unabhéngig voneinander Wasserstoff oder eine geradkettige, verzweigte oder cyclische ge-
séttigte Alkylgruppe mit 1 bis 6 Kohlenstoffatomen stehen ist oder wobei NR1R2 zusammen eine geséttigte hete-
rocyclische Gruppe mit 5-, 6- oder 7 Kohlenstoffatomen und einem Stickstoffatom darstellt und R3 fiir Wasserstoff
steht,

umfassend

Umsetzen eines Rosuvastatinamids der allgemeinen Formel (l11)

(1)

wobei R4 und R5 unabhangig voneinander Wasserstoff oder eine geradkettige, verzweigte oder cyclische Alkylgruppe
mit 1 bis 6 Kohlenstoffatomen ist oder NR4R® zusammen eine geséttigte 5-, 6- oder 7-gliedrige heterocyclische
Gruppe mit einem Stickstoffatom darstellt,

in Wasser oder in einem homogenen Mischung aus Wasser und einem mit Wasser mischbaren organischen L6-
sungsmittel mit einem Amin der allgemeinen Formel (X)
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IN—R® | - ®

wobei R, R2 und R3 unabhéngig voneinander Wasserstoff oder eine geradkettige, verzweigte oder cyclische Al-
kylgruppe ist oder wobei R! und R2 mit dem daran gebundenen Stickstoff eine geséttigte 5-, 6- oder 7-gliedrige
heterocyclische Gruppe mit einem Stickstoffatom darstellt und R3 Wasserstoff ist.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die homogene Mischung aus Wasser und einem mit

Wasser mischbaren organischen Lésungsmittel ein Gemisch aus Wasser und einem aliphatischen Alkohol mit 1
bis 6 Kohlenstoffatomen ist.

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass das Ausgangsmaterial Rosuvastatin-n-butyl-
amid der Formel (llla) ist

g 3]
\

(1Ia)

l
N N

O, _N

280 ™
07\

4. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass das Ausgangsmaterial Rosuvastatin N,N-
Dimethylamid der Formel (llIb) ist

(1ITb)

23



10

15

20

25

30

35

40

45

50

55

EP 2 646 419 B1

5. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass das Ausgangsmaterial Rosuvastatin-Pyrroli-
dinylamid der Formel (llic)ist

(IlLc)

6. Verfahren nach Anspruch 1 oder 2, das umfasst, dass man eine Verbindung der allgemeinen Formel (X), wobei R’
1-Butyl oder 2,2-Dimethyl-ethyl ist und R2 und R3 Wasserstoff sind.

7. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass fiir jedes Mol der Verbindung der allgemeinen
Formel (Ill) 1 bis 30 Molaquivalente der Verbindung der allgemeinen Formel (X) eingesetzt werden.

8. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass die Umsetzung bei einer Temperatur zwischen
80 und 140°C durchgefiihrt wird.

9. Verfahren zur Herstellung von Rosuvastatin-Calciumsalz der Formel (1V)

2+

Ca av)

umfassend

a) Umsetzung eines Rosuvastatinamids der allgemeinen Formel (lll),
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(1)

wobei R4 und R® unabhéngig voneinander Wasserstoff oder eine geradkettige, verzweigte oder cyclische ge-
sattigte Alkylgruppe mit 1 bis 6 Kohlenstoffatomen darstellen oder NR4R5 zusammen eine geséttigte 5-, 6- oder
7-gliedrige heterocyclische Gruppe mit einem Stickstoffatom ist, in Wasser oder in einem homogenen Mischung
aus Wasser und einem mit Wasser mischbaren organischen Losungsmittel mit einem Amin der allgemeinen
Formel (X)

R | |
|N—R? (X)

. R’

wobei R, R2 und R3 unabhangig voneinander Wasserstoff oder eine geradkettige, verzweigte oder cyclische
Alkylgruppe mit 1 bis 6 Kohlenstoffatomen ist oder R' und R2 zusammen mit einem daran gebundenen Stick-
stoffatom eine geséttigte 5-, 6- oder 7-gliedrige heterocyclische Gruppe mit einem Stickstoff ist und R3 Was-
serstoff;

b) Umwandlung des Rosuvatatin-Ammoniumsalzes der allgemeinen Formel (1)
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erhalten in Schritt a), wobei R, R2 und R3 unabhangig voneinander Wasserstoff oder eine geradkettige, ver-
zweigte oder eine cyclische gesattigte Alkylgruppe mit 1 bis 6 Kohlenstoffatomen sind oder R und R2 zusammen
mit dem daran gebundenen Stickstoff eine gesattigte 5-, 6- oder 7-gliedrige heterocyclische Gruppe mit einem
Stickstoffatom bilden und R3 Wasserstoff ist,

in ein Rosuvastatin-Calciumsalz der Formel (1V) oder eine Hydratform davon.

10. Verfahren nach Anspruch 9, das umfasst, dass man eine Verbindung der allgemeinen Formel (X) verwendet, wobei
R' 2,2-Dimethylethyl ist, R2 und R3 Wasserstoffatome sind.

11. Verfahren nach Anspruch 9, das umfasst, dass man eine Verbindung der allgemeinen Formel (X) verwendet, wobei
R 1-Butyl ist, R2 und R3 Wasserstoffe sind.

12. Verfahren zur Herstellung von Rosuvastatin-Zink (2:1)-salz der Formel (V)

2+

Zn (V)

umfassend

a) Umsetzung eines Rosuvastatinamids der allgemeinen Formel (lIl),

(1)

wobei R4 und R® unabhéngig voneinander Wasserstoff oder eine geradkettige, verzweigte oder cyclische Al-
kylgruppe mit 1 bis 6 Kohlenstoffatomen sind oder NR#R® zusammen eine geséttigte 5-, 6- oder 7-gliedrige
heterocyclische Gruppe mit einem Stickstoff ist

in Wasser oder in einer homogenen Mischung aus Wasser und einem mit Wasser mischbaren organischen
Lésungsmittel mit einem Amin der allgemeinen Formel (X)
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13.

14.

15.

EP 2 646 419 B1

|IN—R? | X

wobei R, R2 und R3 unabhangig voneinander Wasserstoff oder eine geradkettige, verzweigte oder cyclische
Alkylgruppe mit 1 bis 6 Kohlenstoffatomen sind oder R' und R2 eine geséttigte 5, 6 oder 7-gliedrige heterocy-
clische Gruppe mit einem daran gebundenen Stickstoffatom bilden und R3 Wasserstoff ist;

b) Umwandlung von Rosuvatatin-Ammoniumsalz der allgemeinen Formel (l1)

H—N—R?* . (ID

AN
=S

0”7\

erhalten in Schritt a), wobei R, R2 und R3 unabhangig voneinander Wasserstoff oder eine geradkettige, ver-
zweigte oder cyclische Alkylgruppe mit 1 bis 6 Kohlenstoffatomen sind oder R! und R2 zusammen mit dem
daran gebundenen Stickstoffatom eine geséattigten 5-, 6- oder 7-gliedrige heterocyclische Gruppe mit einem
Stickstoffatom ist

in Rosuvastatin-Zink (2:1)-Salz der Formel (V).

Verfahren nach Anspruch 12, dadurch gekennzeichnet, dass als Verbindung der allgemeinen Formel (X) die
Verbindung verwendet wird, wobei R' 2,2-Dimethylethyl ist, R2 und R3 jeweils Wasserstoffatome sind.

Verfahren nach Anspruch 12, dadurch gekennzeichnet, dass als Verbindung der allgemeinen Formel (X) die
Verbindung eingesetzt wird, bei der R! 1-Butyl ist, R2 und R3 jeweils Wasserstoffatome sind.

Verfahren nach Anspruch 1 oder 2, umfassend

a) Umsetzen eines Rosuvastatinamids der allgemeinen Formel (l1l), wobei R* und R® unabhéngig voneinander
Wasserstoff oder eine geradkettige, verzweigte oder cyclische Alkylgruppe mit 1 bis 6 Kohlenstoffatomen ist
oder wobei NR4R5 zusammen fiir einen geséttigten 5-, 6- oder 7-gliedrige heterocyclische Gruppe mit einem
Stickstoffatom stehen,

in Wasser oder in einer homogenen Mischung aus Wasser und einem mit Wasser mischbaren Lésungsmittel
mit einem Amin der allgemeinen Formel (X), wobei R1, R2 und R3 unabhéngig voneinander fiir Wasserstoff
stehen oder eine geradkettige, verzweigte oder cyclische Alkylgruppe mit 1 bis 6 Kohlenstoffatomen sind oder
wobei R1 und R2 zusammen mit dem daran gebundenen Stickstoffatom eine geséttigte 5-, 6- oder 7-gliedrige
heterocyclische Gruppe mit einem Stickstoff bilden,

b) Reinigen des rohen Rosuvatatinsalzes der in Schritt a) erhaltenen Formel (lla) durch Kristallisation;

c) Mischen einer wassrigen Suspension des gereinigten Rosuvatatinsalzes der so erhaltenen Formel (lla) mit
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tert-Butylamin und
d) fraktionierte Kristallisation der Rosuvastatin-TBA-Salzkristallform (ll) der Formel (lla)

HO -
COO

WOH

(I1a)
| H,N

N_2N

0. _N

28T
07\

, gekennzeichnet durch die Réntgenbeugungssignale von Tabelle 1:

Table 1
Reflex Winkel d-Wert Intensitat
Nr. 2-Theta (Grad) | Anstrém %
1 5,481 16,11132 8,1
2 5,957 14,82335 7.1
3 10,529 8,39561 27,0
4 11,282 7,83634 31,4
5 15,457 5,72793 16,8
6 15,803 5,60353 69,9
7 16,231 5,45656 13,7
8 16,682 5,31014 10,9
9 18,651 4,75363 100
10 19,05 4,65489 28,5
11 19,832 4,47316 31,4
12 20,512 4,32646 28,1
13 21,098 4,20759 12,5
14 22,492 3,94978 24,1
15 27,205 3,27526 14,6
16 30,409 2,93708 9,7

Revendications

1.

Procédé de préparation d’'un sel d’'ammonium de rosuvastatine de la Formule générale (I1)
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HO 00"

dans laquelle R, R2 et R3 représentent indépendamment hydrogéne ou un groupe alkyle saturé linéaire, ramifié
ou cyclique comprenant 1 & 6 atomes de carbone, ou NR'R2 représente ensemble un groupe hétérocyclique saturé
ayant 5, 6 ou 7 atomes de carbone et un atome d’azote, et R3 représente hydrogéne,

qui comprend

faire réagir un amide de rosuvastatine de la Formule générale (l11)

(11}

dans laquelle R4 et R® représentent indépendamment I'un de I'autre hydrogéne ou un groupe alkyle linéaire, ramifié
ou cyclique comprenant 1 & 6 atomes de carbone, ou NR4R5 représente ensemble un groupe hétérocyclique saturé
a5, 6 ou 7 membres ayant un atome d’azote, dans de I'eau ou dans un mélange homogene d’eau et d’'un solvant
organique miscible a I'eau, avec une amine de la Formule générale (X)
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dans laquelle R, R2 et R3 représentent indépendamment les uns des autres hydrogéne ou un groupe alkyle linéaire,
ramifié ou cyclique, ou R et R avec I'azote relié & eux forment un groupe hétérocyclique saturé a 5, 6 ou 7 membres
ayant un atome d’azote et R3 représente hydrogéne.

2. Procédé selon la revendication 1, caractérisé en ce que le mélange homogéne d’eau et d’'un solvant organique
miscible a 'eau est un mélange d’eau et d’un alcool aliphatique ayant 1 a 6 atomes de carbone.

3. Procédé selon la revendication 1 ou 2, caractérisé en ce que la matiére de départ est le n-butylamide de rosuvas-
tatine de la Formule (llla)

(Ia)

4. Procédé selon la revendication 1 ou 2, caractérisé en ce que la matiére de départ est le N,N-diméthylamide de
rosuvastatine de la Formule (llIb)
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(b

5. Procédé selon la revendication 1 ou 2, caractérisé en ce que la matiere de départ est le pyrrolidinylamide de
rosuvastatine de la Formule (llic)

(IlXc)

6. Procédé selon la revendication 1 ou 2, qui comprend utiliser un composé de Formule générale (X), dans laquelle
R' est le 1-butyle ou 2,2-diméthyl-éthyle et R2 et R3 sont hydrogéne, respectivement.

7. Procédé selon la revendication 1 ou 2, dans lequel pour chaque mole du composé de la Formule générale (lll), 1
a 30 équivalents molaires du composé de la Formule générale (X) sont utilisés.
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8. Procédé selon la revendication 1 ou 2, caractérisé en ce que la réaction est réalisée a une température entre 80

et 140°C.

9. Procédé de préparation d'un sel de calcium de rosuvastatine de la Formule (1V)

qui comprend

2+

Ca (IV)

a) faire réagir un amide de rosuvastatine de la Formule générale (lll)
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dans laquelle R4 et RS représentent indépendamment hydrogéne ou un groupe alkyle saturé linéaire, ramifié
ou cyclique comprenant 1 & 6 atomes de carbone, ou NR4R5 forme ensemble un groupe hétérocyclique saturé
a 5, 6 ou 7 membres ayant un atome d’azote, dans de I'eau ou dans un mélange homogéne d’eau et d’'un
solvant organique miscible a I'eau, avec une amine de la Formule générale (X)

dans laquelle R, R2 et R3 représentent indépendamment hydrogéne ou un groupe alkyle linéaire, ramifié ou
cyclique comprenant 1 & 6 atomes de carbone, ou R et R2 avec un atome d’azote relié & eux forment un groupe
hétérocyclique saturé a 5, 6 ou 7 membres ayant un azote et R3 représente hydrogéne ;

b) transformer le sel d’'ammonium de rosuvastatine de la Formule générale (l1)

obtenu a I'étape a), dans laquelle R, R2 et R3 représentent indépendamment les uns des autres hydrogéne
ou un groupe alkyle saturé linéaire, ramifié ou cyclique comprenant 1 & 6 atomes de carbone, ou R et R2 avec
I'azote relié a eux forment un groupe hétérocyclique saturé a 5, 6 ou 7 membres ayant un atome d’'azote et R3
représente hydrogéne, en sel de calcium de rosuvastatine de la Formule (IV) ou une forme d’hydrate de celui-ci.

Procédé selon la revendication 9, qui comprend utiliser un composé de la Formule générale (X), dans laquelle R?
est le 2,2-diméthyléthyle, R2 et R3 sont hydrogéne.

Procédé selon la revendication 9, qui comprend utiliser un composé de la Formule générale (X), dans laquelle R
est le 1-butyle, R2 et R3 sont hydrogéne.

Procédé de préparation d’'un sel de zinc (2/1) de rosuvastatine de la Formule (V)
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2+

w W

qui comprend

a) faire réagir un amide de rosuvastatine de la Formule générale (lll)

(11}

dans laquelle R4 et RS représentent indépendamment 'un de l'autre hydrogéne ou un groupe alkyle linéaire,
ramifié ou cyclique ayant 1 & 6 atomes de carbone, ou NR4R5 forme ensemble un groupe hétérocyclique saturé
a 5, 6 ou 7 membres ayant un azote, dans de I'eau ou dans un mélange homogene d’eau et d’un solvant
organique miscible a I'eau, avec une amine de la Formule générale (X)
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dans laquelle R, R2 et R3 représentent indépendamment les uns des autres hydrogéne ou un groupe alkyle
linéaire, ramifié ou cyclique ayant un a six atomes de carbone, ou R et R2 avec un atome d’azote relié & eux
forment un groupe hétérocyclique saturé a 5, 6 ou 7 membres ayant un atome d’azote et R3 représente
hydrogéne ;

b) transformer le sel d’'ammonium de rosuvastatine de la Formule générale (l1)

H—N—R? (1)

obtenu & I'étape a), dans laquelle R, R2 et R3 représentent indépendamment les uns des autres hydrogéne
ou un groupe alkyle linéaire, ramifié ou cyclique ayant 1 & 6 atomes de carbone, ou R! et R2 avec I'atome
d’azote relié a eux forment un groupe hétérocyclique saturé a 5, 6 ou 7 membres ayant un atome d’azote, en
sel de zinc (2/1) de rosuvastatine de la Formule (V).

Procédé selon la revendication 12, caractérisé en ce que comme un composé de la Formule générale (X), le
composé est utilisé, dans laquelle R est le 2,2-diméthyléthyle, R2 et R3 sont chacun hydrogéne.

Procédé selon la revendication 12, caractérisé en ce que comme un composé de la Formule générale (X), le
composé, dans laquelle R est le 1-butyle, R2 et R3 sont chacun hydrogéne, est utilisé.

Procédé selon la revendication 1 ou 2, qui comprend

a) faire réagir un amide de rosuvastatine de la Formule générale (Ill), dans laquelle R4 et R5 représentent
indépendamment I'un de l'autre hydrogéne ou un groupe alkyle linéaire, ramifié ou cyclique ayant 1 a 6 atomes
de carbone, ou dans laquelle NR4R5 ensemble représente un groupe hétérocyclique saturé a 5, 6 ou 7 membres
ayant un atome d’azote, dans de I'eau ou dans un mélange homogeéene d’eau et d’'un solvant miscible a I'eau,
avec une amine de la Formule générale (X), dans laquelle R, R2 et R3 représentent indépendamment les uns
des autres hydrogéne ou un groupe alkyle linéaire, ramifié ou cyclique ayant 1 a 6 atomes de carbone, ou dans
laquelle R et R2 avec I'atome d’azote relié a eux forment un groupe hétérocyclique saturé a 5, 6 ou 7 membres
ayant un azote,

b) purifier le sel de rosuvastatine brut de la Formule (lla) obtenu a I'étape a) par cristallisation ;
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c) mélanger une suspension aqueuse du sel de rosuvastatine purifié de la Formule (lla) ainsi obtenu avec une

tert-butylamine, et

d) cristalliser la forme cristalline du sel de TBA de rosuvastatine (lI) de la Formule (lla) de maniére fractionnée

EP 2 646 419 B1

HO

COO~

WOH

=
=

N..2N

o,
S
0

AN
\

H.N

caractérisée par des signaux de diffraction aux rayons X du tableau 1 :

Tableau 1
Créte Angle Valeur d Intensité

N° 2-théta (degrés) | Angstroms %

1 5,481 16,11132 8,1

2 5,957 14,82335 7,1

3 10,529 8,39561 27,0
4 11,282 7,83634 31,4
5 15,457 5,72793 16,8
6 15,803 5,60353 69, 9
7 16,231 5,45656 13,7
8 16,682 5,31014 10,9
9 18,651 4,75363 100
10 19,05 4,65489 28,5
11 19,832 4,47316 31,4
12 20,512 4,32646 28,1
13 21,098 4,20759 12,5
14 22,492 3,94978 241
15 27,205 3,27526 14,6
16 30,409 2,93708 9,7
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